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4Organisation
Study Programmes and Programme managers: 
Civil Engineer (B.Eng.). Associate professor Ole Mærsk-Møller. 
Architectural Engineering (B.Eng.). Associate professor Kirsten Christensen. 
Building Technology (B.Sc.). Professor Henrik Stang. 
Arctic Technology (B.Eng). In Greenland, Associate professor Egil Borchersen.  
In Denmark, Associate professor Ole Mærsk-Møller. 
Civil Engineer (M.Sc.). Associate professor Kristian Hertz. 
Department of Civil Engineering hosts the following centers: 
IRS@BYG, The International Research School for Civil Engineering. Professor Stephen Emmitt.
ARTEK, Arctic Technology Centre. Professor Arne Villumsen. 
C•PROSAM, Centre for Protective Structures and Materials. M.Sc. Civil Engineer Benjamin Riisgaard.
The Advisory Board:
Executive director Mette Lis Andersen, Københavns Kommunes Bygge- og Teknikforvaltning 
Development director Thomas Heldgaard, Rockwool A/S 
Executive director Peter Lundhus, Femern Bælt A/S - Sund og Bælt Partner A/S 
Executive director Klaus H. Ostenfeld, COWI A/S  
Senior advisor Jørgen Vorsholt, E. Pihl & Søn A.S
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The Department of Civil Engi-
neering, BYG•DTU, unites the 
technical disciplines, which 
are applied in the building 
design, construction and 
operation process.
The Department focuses on: Plan-
ning and Management of Building 
Processes, Structural Engineering, 
Construction Materials, Geo-
technics, and Building Physics 
and Services. In 2005 a section 
was established for each focus 
area. The Department has further 
strengthened these areas through 
strategic recruitment, renewal of 
laboratories and further develop-
ment of the research organization 
and yearly planning cycle.
As part of the fundamental 
reorganization and strategy 
renewal that took place in 2002-
03 BYG•DTU was the first Depart-
ment at DTU to establish an 
external Advisory Board. In 2005 
DTU’s new by-laws were approved, 
and now Advisory Boards are 
established at all DTU Depart-
ments. Research, Education and 
Innovation in Civil Engineering at 
a technical university thrives on 
close collaboration with industry. 
Thus the headline for BYG•DTU in 
2005 has been a further develop-
ment of the strong relations with 
industry partners.
Education
In 2004 DTU adopted the Bologna 
Declaration on the European 
Space for Higher Education, thus 
all the Department’s Civil and 
Architectural Engineering educa-
tion programs were revised 
during 2005 and now follow 
the Bachelor/Master structure. 
The revision is based on new 
competence descriptions, which 
were developed in dialogue with 
industry partners and employers.
A new Department Study Board 
(studienævn) was elected and 
Study Program Managers (ud-
dannelsesledere) were appointed. 
The Program Managers have a 
leading role in the ongoing devel-
opment of the study programs.
Civil and Architectural Engineer-
ing are attractive fields for future 
students. In 2005 we experienced 
a general increase in admission to 
all our education programs (see 
key figures).
The Department employs a large 
number of external associate 
professors with their primary 
employment in industry, and we 
have reorganized the practical 
engineering training program (see 
feature article).
Research
There is a strong need for 
research based innovation in the 
building sector. BYG•DTU aims at 
supporting this via basic research 
and industry collaboration.
In spite of the large exchange in 
staff and very large teaching load 
BYG•DTU researchers published 
61 peer reviewed scientific papers 
in 2005. This is a consolidation 
compared to 2004 and in accord-
ance with the planned output.
BYG•DTU together with the 
Danish Building Research institute 
(SBi) and Technological Institute 
(TI) manages the Danish sec-
tion of European Construction 
Technology Platform (ECTP). 
The ECTP-Denmark maintains 
a network of 30 companies 
and institutions. The network 
has interacted with the Danish 
Research Foundations and EU 
in discussions on future priority 
areas.
The International Research School 
for Civil Engineering, IRS@BYG, 
was successful in attracting funds 
form the Ministry of Research and 
a number of Ph.D. projects with 
industry started. In general, the 
recruitment of industry funded 
Ph.D.s has been satisfactory. 
The Research School has 
established an agreement with 
RILEM (International Union of 
Laboratories and Experts in 
Construction Materials, Systems, 
and Structures) through which our 
PhD courses are advertised and 
endorsed. The international per-
spective will be further expanded 
via two new Marie Curie programs 
in cement based materials and 
solar heating.
Two conferences were conducted 
by the Department: The Knud 
Højgaard Conference on Ad-
vanced Cement-based Materials 
– Research and Teaching, and 
the CIBW096 (International 
Council for Building, Work Group 
96) Conference on Architectural 
Management.
Innovation
Innovation at BYG•DTU comprises 
activities directed towards direct 
economic value generation 
together with external partners. 
This is done through patent-
ing, collaborative research and 
networks, commercial testing 
and consultancy, and continued 
education programs.
In 2005 BYG•DTU researchers 
registered two proposals for 
patenting with DTU’s patent office. 
A business plan is currently being 
developed for one patent; how-
ever, commercialization of ideas 
has been hampered due to lack 
From the Head of Depar tment
Head of Department 
MSc (Civil Engineering) Jacob 
Steen Møller
6of funds for establishing proof of 
concept prototypes and tests.
Via ECTP-Denmark BYG•DTU 
initiated and is now leading a 
high tech network on integrated 
low energy solutions for the 
building sector supported by 
Danish national research grants 
(Højteknologisk Netværk for In-
tegrerede Lavenergiløsninger på 
Bygningsområdet). The network 
includes nearly all major players 
in Denmark in the field of energy 
and buildings.
The continued education pro-
grams include the Master in Fire 
Safety and the Master in Manage-
ment in Construction (see feature 
article). Both programs have run 
repeatedly and a stable future 
admission is forecasted.
Staff development
The generational change con-
tinued in 2005 and resulted in a 
significant strengthening of the 
scientific groups.
Three faculty professors were em-
ployed within structural engineer-
ing: Björn Täljsten (Structural 
Performance), Jeppe Jönsson 
(Design of Civil Engineering 
Structures), and Henrik Stang 
(Integrated Structural and Materi-
als Modelling)
In addition, Facilities Manage-
ment, Architectural Engineering, 
Building Services and Concrete 
Research were strengthened 
through strategic recruitment of 
new faculty.
Technical Resources
The Department has completed 
a full renewal of the laboratories 
for construction materials and a 
number of much needed invest-
ments in process ventilation and 
building adjustments for the 
structural and building services 
laboratory.
There exists a large need for 
investments in laboratory renewal 
and equipment. The basic DTU 
grant cannot sustain the large 
stock of equipment needed to 
maintain the experimentally 
based research and education, 
thus the Department continuously 
is seeking external grants.
In 2005 BYG•DTU together with 
the Department of Mechanical 
Engineering was successful in 
attracting major grants for ad-
vanced photo-grammetry equip-
ment for deformation monitoring.
Outlook
The steadily increasing interna-
tionalization of education and 
research is the most important 
challenge for BYG•DTU, thus the 
Department will give priority to 
international activities within 
Education, Research and Innova-
tion.
In education a major challenge 
is to establish attractive interna-
tional opportunities for student 
exchange. In research we must 
become further integrated in the 
international community through 
staff exchange, international 
research projects and PhD educa-
tion. In innovation our activities 
should be expanded with interna-
tional partners.
A recent report on globalization 
from the Danish Government 
states that major increases in 
public research funding will be 
established over the coming few 
years. It remains to be seen to 
what degree these funds will be 
available for civil engineering 
research, and if the building 
industry is willing to establish 
matching funding.
In any case BYG•DTU is well 
prepared. Civil Engineering is 
about creating.
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The first Bachelor of Engi-
neering in Arctic Technology 
graduated in June 2005
Now four years after start in 
Sisimiut, Greenland of the B.Eng.
Education in Arctic Technology, 
the primary objective, graduation 
of bachelors from Greenland, was 
achieved. Each year 7-8 students 
from Greenland and 2-4 students 
from Denmark start in Sisimiut. 
Until now 52 students have been 
enrolled, and 35 are still active.
Greenland/Denmark
The education is unusual 
compared to other B.Eng. educa-
tions at DTU. The first 3 terms 
take place in Greenland, at the 
Building and Construction School 
in Sisimiut. Teachers from DTU 
are travelling to Sisimiut and are 
lecturing 2-week courses. The 
fourth and fifth terms are at DTU 
in Lyngby, and after that parts 
may take place somewhere in 
Arctic or at DTU. The prescribed 
period of study is 4 years, six 
months more than the ordinary 
B.Eng. studies at DTU. The extra 
time is used for specialization on 
different arctic subjects. 
The education is a combination 
of the regular civil engineering  
courses with a dedicated arctic 
approach. The Arctic is unusual in 
a lot of ways. One is the ground. 
Foundations or roadbeds in 
areas with permafrost may be 
destroyed due to thawing and 
freezing parts of the soil. This is 
just one of the many challenges 
the new Arctic engineers will be 
equipped to handle.
The very first Arctic candidate
Ujarak Rosing Petersen became 
the first candidate in Arctic 
Technology graduated as B.Eng. 
The examination took place 24th 
of June in the Arctic Technology 
Centre in Lyngby. Ujarak defined 
the style for the new education 
with the grade 10 for his final the-
sis “Waterpower in Tasersuaq”. He 
started at his new job in Inuplan, 
a leading consulting engineering 
firm in Greenland, just weeks 
after he received his diploma.
First Candidate in Arctic Technology
Dean of Studies Gunnar Mohr congratulates Ujarak with his new degree
Arctic Technology students in front of the place of their studies in Greenland, the The Building & Construc-
tion School in Sisimiut
8To become a master
The Master Programme in 
Construction Management is 
a postgraduate programme. It 
started in January 2003 with 15 
participants coming from all sides 
of the construction industry: 
contractors, architectural firms, 
client organisations, local mu-
nicipalities, technical schools and 
consulting engineers with equally 
varied educational backgrounds: 
engineers, architects, construct-
ing architects and social sciences.
To qualify, at least 2 years of 
working experience is needed. 
The programme is half time or 
less. The participants continue 
working full time in their normal 
jobs. 
Total study time is 60 ects points. 
The final dissertation is 15 points, 
and 45 points are covered by nine 
courses in:
Trends in Construction 
Industry
Innovation in Construction
•
•
User orientation in Construc-
tion
Change management
Project management
Project economy
Facilities Management
Partnering
Lean Construction
Throughout the four semesters a 
wide range of international lectur-
ers and prominent individuals 
from the Danish building industry 
have been giving guest lectures. 
The first graduates have among 
others experienced: professor 
Graham Winch, Manchester 
University, director John Olie, 
Joint Origin, Holland, professor 
Tore Haugen, Norway, professor 
Carl Haas, University of Texas, 
professor Stuart Green, Reading 
University and professor Lauri 
Koskela, Reading University.
The final dissertations from the 
first group of graduates covered 
a wide range of subjects such as: 
Lean Construction, Innovation 
•
•
•
•
•
•
•
and Learning in Construction 
Industry, Risk management in 
Contracting, Value in Construction 
and Management of Complex, 
Technologically Advanced Projects 
in Construction.
More than satisfied
The programme has been evalu-
ated, and the participants express 
more than plain satisfaction. The 
integration of their practical 
insights acquired through many 
years of working experience with 
the more theoretical knowledge 
of their teachers has challenged 
them personally and profession-
ally. A year after graduation the 
former participants say that they 
feel they have learned a lot and 
that the programme was a great 
experience. Some of the gradu-
ates have moved on to better jobs 
others feel that their jobs have 
been enriched. 
The Master programme in 
Construction Management wishes 
to play its part in pushing the 
Danish construction industry 
towards excellence. With the first 
graduates of 2005 a first step has 
been taken.
First Graduates from the Master 
Programme in Construction Management
Teachers and students from the graduation party for the new Masters in Construction Management
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Focus on interplay with 
companies to ensure the 
best engineering training
To develop professional skills 
in the field of practical civil 
engineering the studies “diplom 
B” and “diplom” Architectural 
Engineering includes a semester 
of engineering training. This is a 
very exciting period for the stu-
dents and has always been appre-
ciated by the students and also 
by the companies. The course 
“Engineering Training” has been a 
part of the 3½ year of curriculum 
for B.Eng. in Civil Engineering in 
40 years and this experience has 
been very useful in the develop-
ment of our students. However 
BYG•DTU wants to play a more 
active role in creating a dialogue 
with the companies that employ 
a trainee. Furthermore BYG•DTU 
wants to keep a stable and grow-
ing network of companies that are 
keen to employ our students in 
their practice period. 
Elements of training
The core elements of a training 
period are as follow. It is the 
students who must find their own 
employment; however BYG•DTU 
will announce all expressions of 
interests from contractors, con-
sulting engineers, and architect 
firms or other companies and 
institutions working within the 
building sector. In the beginning 
of the trainee period, BYG•DTU 
organizes a half day meeting 
where the students present to 
each other their company and 
what they do. This is a very 
constructive day and the students 
inspire and support each other 
to be more responsible for their 
outcome of the trainee period. 
Later in the training period a 
teacher from BYG•DTU will visit 
the student and the company to 
discuss the status of the training 
period, the experiences so far, 
eventual problems, expectations 
and plans for the remaining 
period. These visits will have high 
priority in the future, because the 
face to face meeting is important 
to create a common understand-
ing of how to make the best 
out of this training period for 
this student in this company. At 
these meetings the BYG-teacher 
will also gain knowledge about 
the company and their interest 
in trainee employment. This 
can help us improve our way of 
organizing engineer training and 
build long term relations with the 
company. Possible side effects 
are the personal connections 
which can lead to other collabora-
tions within teaching, research 
and innovation.
The future    
So far our experience is that 
some companies would also like 
to share experiences with others 
in the same situation on how to 
create a good practice period. 
This is why we plan to expand our 
trainee activities with meetings 
for the company contact persons 
and the teachers from BYG•DTU 
to exchange experiences, view-
points and possible actions in 
order to ensure the best practice 
periods.
Engineering Training in the B.Eng. 
Programme
Assistant Professor Susanne 
Balslev Nielsen from the 
section for Planning and 
Management of Building 
Processes is the new 
coordinator for BYG•DTU’s 
trainee service.
In 2005 116 students took 
part in the programme. The 
largest group of students 
where taken by building 
contractor, consulting 
engineering companies and 
architectural companies.
A trainee session last 20 
weeks and starts either 
at the 1st of February 
or the 1st of August. 
One of this years students in Engineering Training
10
A Home for the PhD students 
to grow and achieve
The proposal to establish a PhD 
School was submitted and ap-
proved by DTU in the autumn of 
2004. The International Research 
School for Civil Engineering 
at BYG•DTU (IRS@BYG) was 
then formed on the 1st January 
2005 to provide a home for the 
Department’s PhD students. 
We created this PhD School to 
help facilitate knowledge transfer 
and share best practice within 
a dynamic, friendly and student 
centred environment. 
IRS@BYG is here to offer and 
arrange a variety of activities 
to help, assist and enhance the 
research experience of the PhD 
students. These activities range 
from, for example, presentations 
to industry and research commu-
nities through to periods of study 
as visiting researchers in other 
countries. Activities are support-
ed by modern facilities, including 
state of the art laboratories and 
well equipped offices. 
The primary aim is to provide a 
stimulating PhD environment that 
helps you to achieve world class 
scientific research and dissemi-
nate your findings effectively. 
The school has an international 
approach to teaching and re-
search and welcome students of 
all nationalities to experience the 
high quality research environ-
ment.
What we do  
PhD projects are centred on (but 
not exclusive to) a number of 
focus research areas. These are: 
Building physics and services 
Construction Materials 
Geotechnics 
Planning and management of 
building processes 
Structural engineering 
The working language for the 
management of the International 
Research School for Civil Engi-
neering at BYG•DTU is English. 
Students may choose to write 
their doctoral thesis in Danish or 
in English. 
Individual activities (such as PhD 
courses, research projects etc.) 
are organised and managed by 
academics within the Department. 
These individual activities are 
•
•
•
•
•
co-ordinated by the International 
Research School for Civil Engi-
neering at BYG•DTU. 
The PhD Day
Part of the stimulating environ-
ment is gained by having estab-
lished a tradition - the PhD Day 
where students presents their 
work to their peers and indus-
try/academic partners. The PhD 
day is organised by our doctoral 
students and has proved to be 
a popular and rewarding event, 
both for the students presenting 
their work and for those who 
come to listen and participate in 
the debate. 
The PhD day is held twice a year, 
thus all PhD students will have 
the opportunity to present their 
work at least once during their 
studies. Visiting PhD students 
are also invited to talk about 
their work during their stay in the 
Department.
Professor Stephen Emmitt  
from the section for Planning 
and Management of Building 
Processes is the coordinator 
at The International Research 
School for Civil Engineering at 
BYG•DTU.
At the end of 2005 40 PhD 
students were registered 
under the IRS@BYG. Two 
PhD days where held and 10 
students successful completed 
their PhD.
International Research School for Civil 
Engineering at BYG•DTU
A group of PhD students in one of the open offices
11
R
e
s
e
a
rc
h
 a
n
d
 In
n
o
v
a
tio
n
Rising dampness in brick 
masonry is a large problem 
in Denmark due to increasing 
moisture and salt concentra-
tions in the walls. 
According to “The Building 
Damage Fund” rising dampness 
is among the 10 most frequent 
damages in connection to building 
repair.
At present, two groups of meth-
ods are used to preventing rising 
dampness: mechanical methods 
and injection. The principle of 
both is to prevent rising damp-
ness with a horizontal damp-proof 
layer. In the mechanical methods 
a layer of typically steel is placed 
in joints and in the injection 
methods the damp-proof layer 
is obtained chemically by filling 
water-proof material in holes and 
this material must distribute from 
the holes to the area between 
them by capillary transport to 
obtain the damp-proof layer.
A new electrochemical method 
developed
In this method an electric DC 
field is applied to the masonry 
wall, and in the electric field it is 
possible to control both water and 
ion movement within the masonry. 
Thus both water and salt removal 
can be obtained. The method has 
ceveral advantages; primarily no 
holes are made in the masonry 
since the electrodes are placed 
on the surface and further the 
removal of salts decreases the 
hygroscopic moisture content, 
and the risk for salt-induced 
decay is eliminated.
In labo-
ratory 
scale very promising results have 
been obtained with the electro-
chemical method. Water has been 
removed from water saturated 
bricks to a water content of about 
1%. Salts such as NaCl and 
Ca(NO3)2 have been removed 
from concentrations that accord-
ing to the Austrian ÖNORM B3355-
1 (there is no Danish norm) were 
so high that active salt removal is 
advised, to concentrations where 
there is no risk from the salts. 
Pilot scale experiments have 
been initiated at two places in 
older buildings. One pilot scale 
experiment is placed outdoors at 
Kavalergården, Bernstorff Castle 
and the other is placed indoor in a 
private basement. In the base-
ment the primary goal is drying 
of the masonry whereas both 
water and salt removal is in focus 
at Kavalergården. The concentra-
tion of salts is very high in the 
latter and the masonry appears 
wet due to the high hygroscopic 
moisture content. In this case the 
problem could not be solved with 
a horizontal damp-proof layer, 
which would not remove the salts.
In both of the pilot plants, the 
electrodes are placed on the 
same side of the masonry. This 
is an advantage in e.g. situations 
with cavity wall or in situations 
with salt induced decay. Another 
possibility could be to place the 
positive electrodes indoor and the 
negative electrodes outdoor (the 
water moves from the positive 
electrode towards the negative). 
However, such an electrode 
arrangement has not been tested 
yet.
The elec-
trodes in the 
pilot-plants 
have been 
constructed 
as cheap 
and simple as 
possible. They consist of a bar of 
reinforcement steel placed in a 
layer of carbonate rich clay. When 
the electric field is applied to the 
steel it is important that the prod-
ucts from the processes occurring 
at the surface of the electrodes 
cannot enter the masonry, and 
this is prohibited by the clay.
Both pilot-plants are running 
at present, and the preliminary 
results have been very promising. 
In the basement water has been 
collected underneath the negative 
electrode, and at Kavalergården 
very high salt concentrations 
have been found in the clay 
around the electrodes showing 
efficient salt removal. Further 
the outdoor pilot plant has been 
running during January and 
February at temperatures below 
0ºC without any problems.
Associate professor Lisbeth 
M. Ottosen is conducting her 
research in the section for 
Construction Materials.
This section is is the base for 
BYG·DTU’s activities in the 
fields of construction materi-
als, with vital importance to 
the function and performance 
of structures. The area has it’s 
strong professional tradition 
and identity and it is through 
the interaction with the other 
professional areas in BYG·DTU 
the importance of construction 
materials becomes clear.
Removal of Salt and Water from Masonry
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Smart windows, second 
generation liquid crystal glaz-
ings – where nanotechnology 
meets fenestration
Push a button and your glazing 
switches from transparent to 
reflective or translucent. So 
thanks to applied nanotechnology 
in glazings, you can dumb your 
curtains and Venetian blinds.
Ordinary windows and glazings 
have constant optical proper-
ties, whereas so-called smart 
or dynamic windows can switch 
between three optical modes: 
1) a reflective mode limiting the 
overheating 
2) a transparent mode with an 
excellent transparency 
3) a scattering mode with 
translucency. 
Smart windows can be widely ap-
plied within the building field and 
e.g. the automotive one. These 
new glazing components are very 
interesting due to the fact that 
they soon can be manufactured 
with controllable daylight and 
solar energy transmittances. 
Hereby, the quality of life can be 
improved as well as the energy 
consumption for lighting, heating 
and cooling can be reduced even 
further.
Liquid crystal (LC) glazings are 
available on the market today, 
e.g. Priva-Lite from Saint Gobain. 
These glazings can switch from 
translucent to transparent when 
a small electric current is applied. 
When the current is cut off, the 
glazing switches back to translu-
cent. However, these glazings are 
the first generation LC glaz-
ings, and the solar and daylight 
modulations are negligible. The 
second generation LC glazings 
can switch fast between three 
different modes and with high 
modulations regarding daylight 
and solar energy, and thus solar 
shading with no mechanically 
moving parts are obtained.
BYG.DTU was manager of an EU 
FP5, EESD project: New Liquid 
Crystal SmartWindow and Its 
Production Process – SmartWin 
II – contract ENK6-CT-2001-
00549, which was finished 
in 2005.  Within this project, 
second generation LC glazings, 
which only require a voltage or 
a voltage pulse for switching 
between the three modes, were 
developed. Furthermore, pre-
industrial manufacturing methods 
and equipment were developed 
for technical glazing prototypes 
up to a size of 1 m².
Associate professor Karsten 
Ingerslev Jensen is conducting 
his research in the section for 
Building Physics and Services.
This section takes a holistic 
approach to the building 
envelope and installations as 
the basis for creating buildings 
with a good indoor climate and 
low energy consumption. It 
deals with the technical, social 
and environmental problems 
that require a development 
towards sustainable build-
ing design based on energy 
conservation and sustainable 
energy systems.
Smart Windows
Top) A SmartWin II prototype 
without voltage, i.e. in reflective 
mode.
Middle) The active area is divided 
into five sections, which can 
be controlled individually. Only 
the stripe in the middle has an 
applied voltage and hence it is 
transparent. 
Bottom) The opposite situation of 
the previous image; only the stripe 
in the middle is without voltage.
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Better coordination between 
the parties in construction can 
save billions
Poor quality has been a long-term 
feature and debate in Danish 
construction. Especially the final 
quality vis-à-vis the client has 
been in focus. The last wave 
of reforms from the state as a 
response to this commenced in 
2000, but still in 2006 failures 
cost the industry and its clients 
paramount sums. 
An empirical study of failures and 
their causes has been carried out 
by researchers at the Section 
for Planning and Management of 
Building Processes. The observa-
tion period was three month 
covering the assembly phase.
Failures broken down in 
percent
In each case the analyses showed 
a mixture of causes, and it was 
not possible to assign single 
causes to the single cases. More 
specifically, 14 % of the failures 
had exclusively distal causes, and 
19 % exclusively proximal causes, 
whereas 67% had mixtures of 
those. In the vast majority of our 
cases a series of “subsequent” 
actors as well as one originator 
were involved in the generation 
of the failure on the site. It was 
found that 56% of the failures 
were predictable on the basis of 
existing knowledge on the site. 
There is thus a large room for 
improvement. 
Of the total failures the organi-
sational causes were the most 
prevalent. Of the organisational 
the following causes scored the 
highest: Problems with com-
munication and cooperation 61%, 
design activities 45%, production 
planning and control 42%, project 
review meetings 36%, production 
work 34%, process and product 
control 29%, weather and theft 
20%, and access to skilled 
workforce 15%. Although organi-
sational factors played the most 
important role, we found failures 
related to all kinds of interaction 
between the actors in the project. 
It involves formal organisational 
elements such as meetings as 
well as informal interaction. 
Communication and cooperation 
are central activities in a multi-
actor project, and speculatively 
it could be added, that the found 
level of problems is less alarming 
since it should be compared to 
the amount of communication 
and cooperation carried out in the 
project. 
Apart from the organisational 
factors, the analysis covered 
technological and individual 
factors as well. The technologi-
cal failures relate to 37% of the 
observed failures. They relate to 
issues like purchasing of material, 
equipment, which had not been 
properly cleaned, and features 
of the product like a too broad 
plinth. The individual factors 
were found at 40% of the failures. 
They relate to competence (24%), 
erroneous acts (18%), avoided 
acts (11%), and hindrance due to 
limited resources (53%). Indirect-
ly, it follows from these figures 
that focusing on the individual 
would have less impact in terms 
of improvement.
After the failures occurred the 
actors put various measures in 
place to repair the damage, and 
the analysis shows that only 
7-8% of the failures affected the 
final quality. The consequences 
and costs involved thus relate to 
man-hours and materials used to 
obtain an acceptable final result. 
The losers in this game are the 
participating companies who 
obtain less surplus.
Cost equal 8%
The total amount of observed 
failures in the study was 160. 
This equals to a calculated cost 
of 80.800 euro and 8% of the 
production costs. The study has 
shown that the main focus on im-
provements can be on operational 
quality, developing procedures 
that prevent reworking and thus 
bring down this amount. 
A coordination failure between the HWS team and the architect led to 
the installation of radiators not fitting the previous made holes. This 
resulted in a lot of rework.
Associate professor Chris-
tian Koch is conducting his 
research in the Section for 
Planning and Management of 
Building Processes.
This section has as its prime 
goal through research and 
education to contribute to 
the transition of the building 
industry from a reactive, prob-
lem-strained state towards 
an innovative and customer 
oriented production field.
Learning from Failures in Construction 
Operations
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Throughout the last century 
intense research has been 
carried out regarding methods 
to determine the ultimate 
strength of reinforced con-
crete structures. We are now 
moving further and deeper.
Today, methods for estimating 
the ultimate strength of most 
reinforced concrete structures 
are well documented. Most of 
these methods, however, require 
the use of empirical factors and 
do not consider phenomena such 
as size effects and reinforcement 
arrangement in a fully consistent 
way.  
The predictive capability of the 
existing methods of analysis is 
limited for reinforced concrete 
structures in the serviceability 
limit state. Complete models 
for this state require prediction 
of the complex cracking, which 
takes place in the concrete during 
loading.
Understanding cracks
Modelling of cracks in concrete 
has been a focus area in the re-
search community since the mid 
seventies. Detailed information 
about cracking and crack propa-
gation is particularly important 
with respect to durability and 
service life prediction.
An optimal designed reinforced 
concrete structure relies heavily 
on extended knowledge of the 
complex mechanical interaction 
between concrete and reinforce-
ment and on metods for model-
ling reinforced concrete 
structures in the 
serviceability 
state. 
Today, 
se-
veral 
commercial Finite 
Element Method 
(FEM) codes have 
interface ele-
ments suitable for dis-
crete cracking and elements 
for smeared cracking based on 
the concept of a crack band. The 
use of interface elements for 
crack modelling, however, re-
quires the crack path to be known 
beforehand, while crack modelling 
applying the smeared approach 
is not well suited for modelling of 
localized crack growth. 
One of the promising new 
approaches for modelling of 
localized crack growth within 
the framework of finite elements 
is the eXtended Finite Element 
Method also now as XFEM. In 
XFEM the traditional continuous 
displacement field of an element 
is enriched with a discontinu-
ous displacement field allowing 
a crack to develop within the 
interior of the element. 
XFEM at BYG•DTU
So far at BYG•DTU new XFEM 
elements have been developed for 
modelling of crack propagation 
in the bulk concrete, and good 
results have been obtained apply-
ing those elements. More lately, 
work has been carried out in the 
development of a new interface 
element suitable for modelling of 
the bond zone between reinforce-
ment and concrete. The XFEM 
interface may be a first step 
towards a “super” element that 
will be able to model the overall 
behaviour of the inter-
action 
between 
reinforce-
ment and 
concrete.
PhD student Jesper L. Asferg 
is cunducting his research 
in the section for Structural 
Engineering.
The field covers the overall 
design of the structure and 
particular design aspects 
including the demonstration of 
strength, durability, etc. with 
regard to the loads and effects 
on the structure from, e.g. 
climate, wear and breakdown 
processes. It is central to 
the technical sciences of civil 
engineering in general, and 
they are primarily based on 
the fundamental sciences of 
mechanics and physics.
Modelling of Reinforced Concrete 
applying Fracture Mechanics – XFEM 
Propagation of a crack across an 
element boundary. Upper figures 
illustrate situations just before 
the crack reaches the element 
boundary, while the lower figures 
illustrate the case where a crack 
continues into a new element.
Crack propagation in four point 
shear beam modelled applying 
XFEM.
Displacement field in new partly 
cracked XFEM interface element.
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A proper foundation for a 
large farm of offshore wind 
turbines
BYG•DTU has recently started 
a PhD project sponsored by 
the Danish Research Council 
on “Modelling of laterally loaded 
pile in sand subject to cyclic 
loading”, where models of piles 
will be tested in the geotechnical 
centrifuge at BYG•DTU – the only 
facility of its kind in Scandinavia.
Centrifuge testing is a physi-
cal modelling technique that is 
well-suited for doing scale models 
of geotechnical structures. The 
properties of soil are in general 
dependent on the actual stress 
level. Therefore, if it is necessary 
to perform realistic tests on a 
geotechnical structure, there will 
often only be two options: Full 
scale testing or scale testing in 
a centrifuge. Since geotechnical 
structures are often very large, 
full scale testing is complex, 
tedious and - most importantly 
– very costly. 
In the geotechnical centrifuge we 
are able to scale the model. The 
correct stress level is obtained 
by increasing the gravity, mean-
ing that length is equally scaled. 
Hereby a 30 m long pile may 
be reduced to 30 cm in case 
the centrifuge can generate a 
gravitational acceleration of 100g. 
Such models are evidently much 
easier to handle and less complex, 
hence also less costly. 
Centrifuge modelling is a means 
to gain insight into the soil-struc-
ture interaction of geotechnical 
structures under well-controlled 
conditions. The method thereby 
provides a valuable input to the 
development of other types of 
models – theoretical or numerical 
- since it may reveal important 
mechanisms that need to be 
incorporated in the theoretical or 
numerical model.
From small to large scale
The current PhD study on laterally 
loaded piles is motivated by the 
need for establishment of large 
offshore wind farms with wind 
turbines founded on single large 
diameter piles – monopiles. The 
industry has recognized the 
importance of understanding the 
long term effect of cyclic loading 
on such foundations. The aim of 
the project is therefore to provide 
better understanding of the 
performance of piles subjected 
to cyclic loading. The PhD project 
involves aspects on sample 
preparation, verification of speci-
men properties, analysis of pile 
loaded in one and two horizontal 
directions with cyclic loads. 
At present, we are redesigning 
existing equipment and controls 
for the sample preparation and 
two-directional loading of the pile. 
Initial tests showing very promis-
ing results have been made 
with respect to standardisation 
of preparation method for sand 
specimen and verification by use 
of a small scale cone penetrom-
eter.
PhD student Caspar Thrane 
Leth is conducting his research 
in the section for Geotechnics.
This section deals with the 
foundation of structures. The 
foundation of a structure 
is determining for its load 
bearing capacity and hereby a 
central element in the load-
bearing construction. Further-
more, the deformation of the 
foundation is a key element in 
the total performance of the 
structure. The area covers 
rock and soil properties as 
well as the shape and size of 
the foundation, its load-bear-
ing capacity and deformation 
during daily use.
Research Geotechnics
Pictures from test in centrifuge 
with small scale Cone Penetro-
meter.
Beam centrifuge at BYG•DTU
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In April 2005 BYG•DTU and 
Centre for Arctic Technology 
inaugurated a new low-energy 
house in Sisimiut, Greenland. 
The low-energy house in Sisimiut 
is designed to test and demon-
strated state of the art low-ener-
gy technology in an arctic climate 
with the purpose of inspiring a 
general development of sustain-
able buildings in Greenland. 
Building the house became a 
reality with a generous donation 
from the Villum Kann Rasmussen 
Foundation of 5 million DKK. The 
Municipality of Sisimiut provided 
the serviced building plot.
In connection with this donation 
it was an objective, that the 
project should involve as much 
Greenlandic labour as possible. 
Therefore Rambøll Greenland was 
selected as principal consultant 
and has had the job of tendering 
among local contractors to carry 
out the turnkey contract. A local 
contractor, Arctic Sanasut ApS, 
was chosen, and they have built 
the house to great satisfaction.
Sisimiut is located just north of 
the Polar Circle and has mean 
average temperatures of around 5 
to 6° C in the summer and –10 to 
–15° C in the winter months.
Low energy?
The definition of a low-energy 
house is that the house consumes 
only half the energy permitted in 
the building code, which for this 
project has been understood as 
the requirements of the coming 
building code of Greenland. Thus, 
the objective was to build a house 
with an annual energy consump-
tion for heating of not more than 
80 kWh/m².
The house 
is approxi-
mately 200 
m2 and 
is built as 
a double 
house with 
common 
boiler 
room and 
entrance 
hall. 
The means 
to reduce 
the energy 
consump-
tion in 
comparison with common Green-
landic houses has been to use 
extra insulation in exterior walls 
(300 mm) and in the floor and 
roof (350 mm). The house has 
a ventilation system with a heat 
exchanger with an efficiency of 
90% that uses the warm exhaust 
air to heat up the cold inlet air. 
Furthermore, improved windows 
are installed with low energy 
glazing using 3 layers of glass. A 
solar collector is installed on the 
roof to heat water for domestic 
use. In addition, the house is 
orientated to exploit the light, and 
it has a geometry which optimizes 
the daylight.
Many of the chosen solutions 
have required new developments 
or use of technologies not applied 
to date in Greenland. For instance 
the heat recovery system had to 
be constructed with intermittent 
changing of the pathways for the 
air flows so that blockage of the 
ducts by freezing of the humid 
exhaust air could be prevented. 
This solution was developed and 
tested first in the laboratories of 
BYG•DTU. Another solution, which 
until now has not been used in 
Greenland, is the heating of the 
house by a floor heating system. 
The heat loss due to thermal 
transmittance through the 
building envelope constructions 
is reduced by use of increased 
insulation thickness and wood 
profiles with minimum thermal 
bridge effect.
Low Energy House in Sisimiut, Greenland
Floor plan of the low-energy house
Heat loss: Simulation model of the outer wall corner. To the right a 
temperature plot
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Solar collectors
The solar panels installed on the 
low-energy house are flat plate 
collectors which are oriented 
south-east and tilted 70° from 
horizontal to have the optimal 
position in relation to the sun. 
The solar collectors have a total 
surface area of 8 m2 and the 
system is able to produce around 
1,600 kWh/year. This covers 
more than 60 % of the hot water 
consumption of the house. 
The windows
Three types of glazing units are 
tested in the low-energy house. 
Sealed units comprise two or 
three layers of glass with either 
vacuum in between or with a 
gas-filling of argon or krypton. In 
the case of double-layered sealed 
units, a third layer of glass with 
low emission coating completes 
the window.
Moisture conditions
The outdoor air in Greenland is 
generally very dry because it is 
so cold that the air is unable to 
hold much moisture. However, 
because of high indoor humidity 
production and minimal ventila-
tion (to avoid draft), it is not 
unlikely to see moisture problems 
in Greenlandic homes. It has been 
important to demonstrate that it 
was possible to construct a low-
energy house without moisture 
problems in the indoor air or in 
the constructions. Therefore, the 
house has been instrumented 
with a number of humidity sen-
sors positioned in potential critical 
places. The sensors have not 
shown any gravely high moisture 
levels, and the building has 
continually dried out even more 
since it was created.
Measurements of energy 
performance
The house is equipped with 
energy-meters, which are 
available for on-line viewing on 
the Internet. The data can be 
found on the address: http://www.
energyguard.dk/ (Brugernavn = 
DTU & Password = sisimiut). 
The energy consumption for 
space heating during the first year 
of operation of the house has 
been around 28,000 kWh. This is 
not quite as low as anticipated but 
still less than the permitted con-
sumption according to the coming 
Greenlandic building code. The 
extra energy consumption can 
partly be explained by necessary 
tuning of the advanced systems 
during the first year, and by the 
fact that the indoor temperature 
has been slightly warmer than 
assumed.
Closure and follow-up
In connection with the inaugura-
tion ceremony in April 2005 an 
international symposium was 
held in Sisimiut about low-en-
ergy buildings in arctic climates. 
Proceedings from this symposium 
can be found on the homepage 
for the low-energy house: 
http://www.arktiskcenter.gl/Artek-
Lowenergy/. It is anticipated that 
the symposium along with the 
house itself will serve as good 
inspiration for future develop-
ments of sustainable buildings in 
arctic climates, and in Greenland 
in particular. The achievements 
of the house will help Greenlandic 
legislators, local builders and the 
Building and Construction School 
of Sisimiut to set new standards 
for achievable low-energy solu-
tions in buildings in cold climates.
The low-energy house is now 
inhabited by a Greenlandic family. 
The performance of the house 
will be followed and reported by 
researchers and students from 
BYG•DTU and Centre for Arctic 
Technology for a five year period. 
The solar collectors on the low-
energy house
The inauguration of the Low Energy House in Sisimiut in April 2005
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 BSc (Building Technology) 72 60 60
Research
Refereed papers Total 61 63 44 
 Of these in ISI 43 37 N.A.
PhD  8 10 7 
Doctoral  1 0 0
Finances
Finances in 1.000 DKK  
Revenues DTU-grant 53.184 52.523 51.189 
 External revenue 30.862 28.563 26.191 
 Total 84.046  81.094 77.380
Expenditures Wages 62.725  62.917 61.927 
 Other expenses 19.628  16.445 14.688 
Total  82.353  79.362 76.615
Result  1.693  1.732 765
Available amount January 1 6.264  4.532 3.767 
Carried forward December 31 7.957  6.264 4.532
1 1 STÅ is one student annual work (1 STÅ=60 points/student)
Turnover 2005
External Financed reasearch 24%
Faculty reasearch   33%
PhD scholarships     7%
Education    35%
Innovation       1%
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